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TITLE OF THE INVENTION 
FUEL CELL 

BACKGROUND OF THE INVENTION 

(Field of the Invention) 

This invention relates to fuel cells, particularly 
to polymer electrolyte fuel cells. 
(Related Art) 

A polymer electrolyte fuel cell (hereinafter 
called PEFC) that uses a polymer electrolyte has 
merits of high output, long service life, little 
deterioration by starting and stopping, low operating 
temperature (approx. 70 to 80°C) and needs no precise 
differential pressure control, etc. Therefore, it has 
a very wide range of applications such as power 
supplies for electric automobiles, distributed power 
supplies for industrial or business use and home use 
and so on. 

A unit fuel cell of the PEFC comprises 

a membrane-electrode assembly (hereinafter called 
MEA) having a proton exchange membrane (hereinafter 
called PEM) , which is proton-conductive sandwiched 
between porous electrodes coated with platinum or 
alloy catalyst such as platinum-ruthenium alloy and 

a unit cell separator having gas flow channels 
which supply hydrogen gas to the anode and air 
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(oxygen) to the cathode, respectively. 

The PEM must be wet to a certain level to let 
protons move. To keep the PEM wet, a humidified fuel 
gas is usually fed to the anode or cathode. Various 
5 mechanisms have been proposed as apparatus to humidify 
fuel gases (for example by patent documents 1 to 7 
shown below) . 

A humidifying mechanism using only a water 
permeable membrane has a problem that hydrogen gas 
10 bubbles passing through the water permeable membrane 

gather in the water supply side and prevent water from 
passing through the membrane. To solve this problem, a 
method has been disclosed in patent document 4 , which 
comprises providing a platinum catalyst layer in the 
15 water supply side of the membrane, causing the 

hydrogen gas passing through the membrane to react 
with the oxygen gas dissolved in the supplied water, 
and thus eliminating hydrogen bubbles . 

Patent document 1: Japanese Application Patent 
20 Laid-Open Publication No. 06-124722 (Page 3, FIG... 4) 
Patent document 2: Japanese Application Patent 
Laid-Open Publication No. 07-65845 (Page 2, FIG... 9) 

Patent document 3: Japanese Application Patent 
Laid-Open Publication No. 08-138704 (Page 3, FIG... 2) 
25 Patent document 4: Japanese Application Patent 
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Laid-Open Publication No. 08-138705 (Page 2, FIG... 4) 
Patent document 5: Japanese Application Patent 

Laid-Open Publication No. 08-250130 (Page 4, FIG... 7) 
Patent document 6 : Japanese Application Patent 
5 Laid-Open Publication No. 09-92308 (Page 5-6, FIG..* 

1) 

Patent document 7 : Japanese Application Patent 
Laid-Open Publication No. 11-185777 (Page 3, FIG... 5) 
However, a humidifier using a conventional water 

10 permeable membrane has a problem that the pressure 

difference between the fuel gas and the cooling water 
that passes through the water permeable membrane will 
make the membrane project towards the low-pressure 
side during power generation. This membrane projection 

15 will narrow the fuel gas flow channels and reduces the 
flows of the fuel gas and the cooling water. 

As a result, auxiliary devices that supply the 
cooling water and the fuel gas consume more power to 
supply them against the pressure loss. This reduces 

20 the efficiency of the fuel cell system including the 
auxiliary machines and the fuel cell. 

SUMMARY OF THE INVENTION 

The PEFC that is an embodiment of this invention 
25 basically includes a plurality of unit cells each of 
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which comprises a membrane electrode assembly (MEA) 
and unit cell separators which sandwich the MEA. These 
unit cells and cooling water separators are connected 
in series (into a laminated unit cell structure) to 
5 generate enough electric power. The MEA comprises an 
anode having a catalyst and being porous, a solid 
polymer electrolyte having proton conductivity and a 
cathode having a catalyst and being porous, the 
members being laminated. 

10 The PEFC of the invention is provided with a 

humidifier having a porous material, wherein cooling 
water is supplied to the membrane from part of its 
surface opposite to the water supplying surface of the 
porous member and/or from the outer periphery of said 

15 porous member. The cooling water is supplied to 

humidify the fuel gas from the water supplying surface 
towards the gas flow channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. la shows a cross-sectional view of a PEFC of 

this invention, equipped with a humidifier. 

Fig. lb is an enlarged sectional view of the 
encircled part with a dotted circle in Fig... la. 
Fig. 2 shows a cross-sectional view of a 
25 humidifier of this invention and its vicinity. 



Fig. 3 shows a water retaining layer holder used 
in this invention. 

Fig. 4 shows a front view of the unit cell 
separator on anode side used in this invention. 

Fog. 5 shows a cross -sectional view of a 
humidifier using a porous filter and its vicinity. 

Fig. 6 shows a schematic diagram of a power 
generation system using the fuel cell assembly of an 
embodiment of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

(Description of the Preferred Embodiments) 

This invention will be described in further detail 
by way of embodiments 
( Embodiment 1 ) 

Fig. 1 shows a schematic diagram of the PEFC. The 
PEFC 100 comprises unit cells 101 each of which 
comprises MEA shown in Fig. la and having a positive 
electrode 103a on one side thereof and a negative 
electrode 103b on the other side, two gas diffusion 
layers 106 in contact with these electrodes (103a and 
103b), and two unit cell separators 104 which sandwich 
the gas diffusion layers from the outside thereof, and 
cooling water separators 107 with one surface grooved 
to flow cooling water which sandwich every two sets of 
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the above unit cells in series. This structure is 
called a unit cell assembly 119. 

The gas diffusion layer is provided to assure 
water drainage ability, gas diffusion ability, and 
5 current collection ability. 

A gasket 105 is inserted into a space between two 
unit cell separators 104 to prevent leakage, of the 
fuel gas. 

There are two kinds of fuel gases used in the 

10 PEFC: anode gas that is supplied to the positive 

electrodes and cathode gas that is supplied to the 
negative electrodes. Hydrogen gases obtained by 
modifying methane and gases that contain hydrogen are 
used as anode gases. Gases such as air that contain 

15 oxygen are used as cathode gases. 

Generally used as PEM 102 is a membrane of 
fluoropolymer whose part of fluorine atoms in the 
pendant alkyl chains are substituted with sulphonic 
groups. Any polymer can be used as long as it has a 

20 function of moving hydrogen ions (protons). One of 
such polymer membranes is, for example, a 
polytetraf luoroethylene membrane prepared by 
substituting parts of fluorine atoms in 
tetraf luoroethylene as repeating units with alkyl 

25 chains having 2 to 5 units of -CF 2 - and/or -CF 2 (CF 3 )-, 



etc., the fluorine atoms in the alkyl chains being 
further substituted with sulfonic groups (-SO3H). 

The positive electrodes 103a and the negative 
electrodes 103b are molded from a mixture of catalyst 
(platinum or alloy of different kinds of elements such 
as platinum and ruthenium), carbon powder, and binder. 

At the anode 103a, the oxidation of hydrogen 
(Formula 1) is going on. At the cathode 103b, the 
reduction of oxygen (Formula 2) is going on. The 
hydrogen ions (proton) produced by the oxidation of 
hydrogen at the anode 103a travel to the PEM 102. The 
PEM receives the hydrogen ions and emits electrons. 
The electrons flow through an external load towards 
the cathode and work to combine the hydrogen ions and 
oxygen there into water. 

H 2 -> 2H + + 2e~ (Formula 1) 

2H + + l/20 2 + 2e" H 2 0 (Formula 2) 

These reactions are accompanied by diffusion of 
gases and movement of hydrogen ions. These movements 
of substances generate resistances and cause a voltage 
drop of the PEFC. To suppress this voltage drop, the 
electrodes and the PEM must be thinner (to several 
hundred microns). Therefore, the MEA comprising a PEM 
sandwiched by electrodes is used. 

Cooling water is supplied to the cooling-water 
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separator 107 from a cooling water pump 615 (Fig. 6) 
that is placed outside the PEFC 100. This cooling 
water deprives the PEFC of the generated heat , and 
becomes warm. This warm water can be used for home use. 
5 Further the PEM contains hydrogen ions that can 

move in the membrane but their movement is very slow 
when the membrane is dry. When the PEM is wet, water 
carries the hydrogen ions with it and consequently, 
the hydrogen ions move faster. A method of humidifying 

10 fuel gases is employed to humidify the PEM. The water 
to humidify fuel gases is called "humidifying water." 
The humidifying water is part of water supplied by the 
cooling water pump 615 (Fig. 6) through the cooling 
water port 111 on the end plate 109. 

15 The gas for the anode 103a is supplied through the 

anode gas supply port 110. Usually, the humidifier 108 
is provided next to the anode gas flow channels to 
humidify the gas. The gas for the cathode 103b is 
supplied through the cathode gas supply port 112. 

20 A fuel cell assembly is built up by placing unit 

cells 101 in series, connecting current -collecting 
plates with output terminals (hereinafter called 
collectors) 113and 114 to which an external load is 
connected to take out electric power to both ends of 

25 the serial set of unit cells, placing an insulating 
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plate between each collector (113 or 114) and the end 
plate 109 to electrically insulate the end plates from 
collectors, placing unit cells 101, cooling water 
separators 107, the humidifier 108, and collectors 113 
5 and 114 in parallel, and fixing them together with 

bolts 116, conical spring washers 117, and nuts 118. 

Fig. 2 shows a magnified cross-sectional view of 
the humidifier 108 of Fig. 1 and its vicinity to show 
the detailed inside structure of the humidifier. 
10 The humidifier 108 comprises a water permeable 

membrane 201 that can transfer water, a water 
retaining layer 203, and a holder 206 for holding the 
layers 203 . 

The water retaining layer 203 is a porous material 
15 that stores (holds) water in it and discharges water 
to the surrounding according to the humidity 
transition in the environment of the water supplying 
surface and its vicinity. 

The cooling water that recovers heat generated in 
20 the unit cells 101 is supplied to the cooling water 
flow channel 204 that passes through the humidifier 
108 via the cooling water port 111 of Fig. 1 by the 
cooling water pump 615 (Fig. 6) provided outside the 
PEFC 100. Part of this cooling water is diverted as 
25 humidifying water to humidify the anode gas from the 
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humidifying water inlet 202 into the water retaining 
layer 203 and retained in micro-pores of the water 
retaining layer 203. This embodiment carries out 
retaining of the humidifying water by the capillary 
5 action. When the PEFC 100 works, part of the water 

held in the water retaining layer 203 is taken by the 
anode gas that flows near the water supplying surface 
20 7 of the water retaining layer 203 against the 
capillary force and humidifies the anode gas. The 

10 humidified anode gas moves into the unit cell 101 

through the anode gas flow channel 205 and humidifies 
the PEM 102. The wet PEM 102 facilitates the movement 
of hydrogen ions in the PEM 102. 

When the PEFC 100 stops, the anode gas flow stops 

15 and the anode gas flow near the water supplying 

surface 207 becomes less than that when the PEFC 100 
is working. Accordingly, the humidifying water held in 
the water retaining layer 203 remains held in micro- 
pores of the water retaining layer 203 by the 

20 capillary force. This can prevent the anode gas from 
being humidified too much and reduce the humidity of 
the anode gas. In other words, only when the PEFC is 
working, the anode gas can be humidified. 

This can also prevent the water retaining layer 

25 203 from projecting towards the gas flow channel, 




which always occurs when the cooling water is supplied 
from part of a surface opposite to the water supplying 
surface of the water retaining layer 203 and/or from 
the outer edge of the water retaining layer 203 . 
5 In Fig. 2, the surface 207 is the water supplying 

surface of the water retaining layer 203 and the 
surface 208 is the surface opposite to the water 
supplying surface. The portion 209 is the outer edge 
of the water retaining layer 203. It includes all 

10 surfaces of the water retaining layer 203 except the 
water supplying surface 207 and the surface 208 
opposite to the water supplying surface. 

There are various ways to supply water to the 
water retaining layer: water supply by a pump or water 

15 supply from a water tank by the gravitational force. 
However, a preferable water supply method is making 
part of the water retaining layer in contact with the 
cooling water of the PEFC as in the humidifying water 
inlet 202 and causing part of the cooling water to 

20 osmose into the water retaining layer by the capillary 
action. Particularly, this method is more preferable 
because the heat generated by the PEFC can be used for 
supply of the humidifying water. 

Materials fit for the water retaining layer can be 

25 hydrophilic polymer materials that can hold enough 



water, for example, hydrophilic polymer material, 
carbonaceous porous material, or compound thereof. 

Typical hydrophilic polymer materials are of 
sponge -like sheets such as polypropylene non -woven 
cloth and polyethylene -polypropylene non-woven cloth. 
These materials are made hydrophilic by sulfonation. 
The proton substitution type sulfonation is preferable. 
If the sulfonation of substitution type of the other 
ion such as alkali metal (Li, Na, K, etc.) and alkali 
earth metal (Ca, etc.) is made, these hydrated metal 
ions are dissolved in water and carried by the anode 
gas to the PEM 102. The alkali metal ions react with 
hydrogen ions in the PEM 102 and the resulting product 
increases the resistance of the PEM 102. Consequently, 
this reduces the power generating performance of the 
PEM 102. 

The average micro-pore diameter (R) of the porous 
material for the water retaining layer 203 can be 
expressed by 

R = y c os6/AP 

wherein 

AP is a difference between the pressure of cooling 
water supplied by the cooling water pump 612 (Fig. 2) 
or water to cool the PECF and the pressure of anode 
gas . 




0 is a contact angle of water on the micro-pore 
surface. 

Y is a surface tension of water. 

In the above expression, for example, let's assume 
5 that the porous material is hydrophilic and completely 
wettable with water. In this case, the contact angle 
(9) can be approximate to zero. Judging from the 
necessity to reduce the power consumption of the 
cooling water pump 615 (Fig. 6), the pressure of the 

10 cooling water supplied to the PEFC should preferably 
be in the range of 1 to 10 KPa. When the water 
pressure is 1 KPa, the average micro -pore radius is 
130 microns (that is, the average micro-pore diameter 
is 260 microns). When the water pressure is 10 KPa, 

15 the average micro-pore radius is 13 microns (that is, 
the average micro-pore diameter is 26 microns). 

As the result, it is preferable that the water 
retaining layer 203 is a hydrophilic porous material 
that can hold water quickly and that the average 

20 micro-pore diameter is in the range of 10 to 300 
microns. In this case, this micro -pore size is a 
maximum micro -pore diameter and preferably causes a 

a 

pressure higher than the cooling water pressure in the 
capillaries. In other words, the micro-pore diameter R 
25 should preferably be equal to or smaller than the 
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function R(X) of the cooling water pressure AP. 
Particularly, it is experimentally known that, when 
the micro-pore diameter is in the range of 30 to 200 
microns, the humidifier 108 can reject excessive water 
5 and the almost saturated humidity can be obtained. 

The thickness of the water retaining layer should 
preferably be in the range of 50 to 300 microns. We 
inventors experimentally found that it is possible to 
reduce the quantity of supply of the humidifying water 

10 by compressing the humidifying water inlet 202 so that 
the thickness of the humidifying water inlet 202 may 
be about 1/2 to 3/4 of the thickness of the water 
retaining layer and that the gas can be humidified to 
required degrees according to the flow rate of the 

15 fuel gas. 

The compression of the humidifying water inlet 202 
is dependent upon the flow rate of a gas to be 
humidified or the flow rate of water used for 
humidif ication of the gas. The quantity of compression 

20 is reduced to increase the flow rate of water. 

This embodiment uses a hydrophilic polyethylene - 
polypropylene non- woven cloth of 180 microns thick and 
30 microns in average micro -pore diameter as the water 
retaining layer 203. The surface of the non-woven 

25 cloth is plasma-processed to have oxygen groups (=0, 



-OH, etc.) to make it hydrophilic. With this, the 
water retaining layer becomes hydrophilic. 

Although this embodiment employs a plasma method 
to make the water retaining layer hydrophilic, the 
5 similar effect can be obtained by substituting part or 
all hydrogen atoms of polyethylene by fluorine atoms 
and substituting these fluorine atoms by sulfonic 
groups . 

We can monitor the shapes of micro -pores of the 

10 water retaining layer 203 by a scanning electron 

microscope. Generally, most micro-pores of the water 
retaining layer have indefinite shapes. 

The micro-pore diameters of the water retaining 
layer 203 can be determined by taking microscopic 

15 images of the surface of the water retaining layer 203 
by a scanning electron microscope, calculating the 
area of each micro -pore by image processing of the 
microscopic images, obtaining a circle having the same 
area, and calculating its diameter. The average micro - 

20 pore diameter is the average of the above micro-pore 
diameters. However, as the scanning electron 
microscope can hardly monitor surfaces of insulating 
materials, the other method can be employed to 
determine the micro-pore diameters of insulating 

25 materials. In other words, the cross-sectional area of 



each micro -pore of an insulating material can be 
estimated by filling the micro-pores with a conductive 
resin by pressure injection and observing the surface 
of the material by the scanning electron microscope. 

The average diameter can be obtained by taking a 
microscopic image of the center area 308 (the hatched 
area in Fig. 3) of the water supplying surface 207 of 
the water retaining layer which is in contact with the 
fuel gas by a scanning electron microscope, measuring 
the micro-pore size distribution in the microscopic 
image (photo), and calculating the average of the 
micro-pore diameters. The viewing field of the 
scanning electron microscope for measurement of a 
micro -pore size distribution is dependent upon the 
shape of the fuel gas flow channel. It should be an 
area at which the fuel gas is actually humidified by 
the water retaining layer 203 and preferably be an 
area at which the fuel gas is humidified most easily. 
In other words, it should be an area that is greatest 
in the gas -contact time and area. In a certain shape 
of the fuel gas flow channel, the area should be the 
center of the water supplying area 207 or its vicinity 
where the fuel gas is actually humidified by the water 
retaining layer 203. 

Various hydrophilic polymer membranes can be .used 




as the water permeable membrane 201. They can be 
proton type ion exchange resin membranes, hydrophilic 
olefin membranes, sulfonated polystyrene membranes, 
and styrene sulfonic acid membranes. For example, the 
5 PEM 102 is used as a polymer membrane which is 

prepared by substituting parts of fluorine atoms in 
tetraf luoroethylene repeating units of 
polytetraf luoroethylene polymer with alkyl chains 
having 2 to 5 of -CF 2 - and/or -CF 2 (CF 3 )-, etc., the 
10 fluorine atoms being substituted with sulfonic groups 
(-SO3H). 

As the heat resisting properties, the water 
permeable membrane must have at least higher melting 
and softening points than the operating temperature of 
15 the PEFC. As the PEFC 100 uses water to cool the cell, 
the water permeable membrane should preferably has a 
melting point of 100°C or higher. 

This embodiment uses , as the water permeable 
membrane 201, a polymer membrane prepared by 
20 substituting parts of fluorine atoms in 

polytetraf luoroethylene polymer with alkyl chains 
y having 2 to 5 -CF 2 - and/or -CF 2 (CF 3 )-, etc., the 

fluorine atoms being substituted with sulfonic groups 
(-SO3H) . 

25 The thickness of the water permeable membrane 201 
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in this embodiment affects the humidity of the fuel 
gas. As the thickness of the membrane in which water 
moves becomes smaller, the humidif ication rate 
increases. In this range, the water and the gas must 
5 be separated from each other. Therefore, the thickness 
of the membrane must be in the range of 10 to 100 
microns and preferably in the range of 20 to 50 
microns. The reason for the low membrane thickness 
limit of 10 microns is that the thinner thickness may 

10 not keep the strength of the membrane. Similarly, the 
reason for the high membrane thickness limit of 100 
microns is that the greater thickness may increase the 
travel of water and reduce the humidif ication rate. 
As the result, this embodiment employs the water 

15 permeable membrane 201 of 30 microns thick. 

Further, the water permeable membrane 201 should 
preferably be formed on the water supplying surface 
207 of the water retaining layer 203 by a method such 
as bonding, joining, and contact. One bonding example 

20 is applying a small amount of monomer that is the raw 
material of the water permeable membrane 201 or ion 
exchange resin as the adhesive to the surface of the 
water permeable membrane 201 and attaching the water 
permeable membrane to the water retaining layer 203. 

25 This adhesive can be of any material as long as it 
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does not prevent water from moving to the water 
permeable membrane 201 from the water retaining layer 
203, It is also possible to join the water permeable 
membrane 201 to the surface of the water retaining 
5 layer 203 by compressing, heating, or the other 
joining means. 

In this embodiment, the water permeable membrane 
201 is bonded to the water retaining layer 203 with a 
small amount of monomer of the polymer membrane as an 

10 adhesive therebetween. 

The surface of the water permeable membrane 201 
should be finely jagged to increase the specific 
surface area of the wet membrane with which the anode 
gas is in contact and to increase the humidif ication 

15 rate. This can make the whole humidifier 108 smaller 
and also reduce the dimensions of the whole PEFC 100. 
The water permeable membrane 201 can have any 
patterned intended surface such as pleated surface and 
sponge-like surface as long as it is finely jagged. 

20 Further, it is possible to change the 

humidif ication rate of the anode gas according to the 

flow rate of the fuel gas by changing the micro-pore 

« 

sizes of the water permeable membrane 201. In other 
words, when the micro-pore size of the water permeable 
25 membrane 201 becomes smaller, the humidif ication rate 




of the anode gas decreases. Contrarily, when the 
micro-pore size becomes greater, the humidif ication 
rate of the anode gas increases . 

This embodiment applied cooling water of 70°C to 
5 the water permeable membrane 201 of 0.03 micron in 

average micro-pore diameter and porosity of 0.7. Under 
this condition, the water permeable membrane 201 can 
humidify the anode gas to the saturated vapor pressure 
at 65°C. Here, the porosity is defined as the result 

10 of "1 minus the quotient of division of apparent 
density by true density." 

The water retaining layer 203 and the water 
permeable membrane 201 are held by water retaining 
layer holder 206 made of graphite. Generally, the 

15 holder 206 should be as big as the separator of the 
fuel cell and the area of the water retaining layer 
203 is limited. Therefore, if one water retaining 
layer is not enough for humidif ication, two or more 
water retaining layers can be used to increase the 

20 humidif ication rate. 

The PEFC 100 is generally used with the separator 
having fuel gas flow channels placed upright. 
Similarly, the humidifier 108 and the water permeable 
membrane 201 are also held vertically in the PEFC. As 

25 the result, the humidifying water taken into the water 




permeable membrane 201 goes down by gravitation and 
causes the lower part of the water permeable membrane 
201 to swell. This may block the gas flow channels 
adjacent to the water permeable membrane, reduces the 
5 humidif ication rate, and increases a gas pressure loss 
To solve these problems, it is possible to provide a 
water-repellent porous material (not shown in the 
Figures) on the anode gas channel side of the water 
permeable membrane 201. This can prevent blockage of 

10 anode gas flow channels and reduction of 

humidif ication rate also in the lower part of the 
humidifier 108. The reason for "water-repellent" is 
that the hydrophilic material condenses the 
humidifying water in its micro -pores before the 

15 humidifying water evaporates and this deteriorates the 
gas humidif ication . 

Carbon paper, carbon cloth, metal mesh, porous 
metal material and so on are available as the porous 
materials . 

20 Fig. 3 shows a right side view of the water 

retaining layer holder 206. The humidifying water 
inlet 202 is a water regulating part that prevents 
excessive water from entering the water retaining 
layer 203. 

25 In this embodiment, the water retaining layer 203 
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is 180 microns thick and the humidifying water inlet 
202 is 100 microns thick. The porosity of the 
humidifying water inlet 202 is 0.8 although the 
porosity of the water retaining layer 203 is 0.9. 

The water retaining layer holder 206 is equipped 
with anode gas flow channels 302 and 307, cathode gas 
flow channels 304 and 305, cooling water flow channels 
303 and 306, and bolt holes 301. 

Fig . 4 shows the surface of the unit cell 
separator 104 for a unit cell 101 in the PEFC 100 over 
which the anode gas flows. (This surface is called an 
anode surface.) The anode gas is fed from the anode 
gas flow channel 302, flows through the gas 
distribution section 401 that is provided to 
distribute the gas over the whole separator and then 
through the gas flow channels 402 partitioned by gas 
distribution ribs 403, and goes out from the anode gas 
flow channel 307. The bolt holes 301 are used to 
tighten the cell assembly with bolts. The cooling 
water flow channels 303 and 306 in the top and bottom 
centers of the cell separator 104 are used to flow 
cooling water. The manifolds 304 and 305 in the end 
are used to flow the cathode gas. 

The unit cell separator 104 of FIG... 4 has its 
rear surface over which the cathode gas flows. (This 
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surface is called a cathode surface.) The location of 
the manifolds 302 and 304 on the top and 305 and 307 
on the bottom on the cathode surface are reverse to 
that of manifolds on the anode surface. The cathode 
5 gas is fed from the cathode gas flow channel 304, 

flows through the gas distribution section and the gas 
flow channels , and goes out from the anode gas flow 
channel 305. The MEA 120 and the gas distribution 
layer 106 are sandwiched between this cathode surface 

10 and the anode surface of the other unit cell separator 
as shown in Fig. 1. In this way, a unit cell 101 of 
Fig. 1 is constructed. 

The humidifier 108 comprises a water permeable 
membrane 201, a water retaining layer 203, a 

15 humidifying water inlet 202, a member for connecting 
the humidifier to the cell assembly, and a packing. 
This humidifier is connected to the cell assembly of 
the unit cell 101 with the water permeable membrane 
20 1 interposed . 

20 It is possible to provide one or more humidifiers 

108 on the end(s) of a cell assembly or to provide the 
humidifier for each unit cell or for a set of unit 
cells. It is preferable, as in this embodiment, to 
provide the humidifier 108 on the upstream end of the 

25 unit cell assembly 119 from which the anode gas is 



supplied. This enables the use of a single humidifier 
to humidify the anode gas . Although this embodiment is 
not equipped with a humidifier for the anode gas as 
the cathode PEM 102 can humidify the gas fully with 
water generated by power generation, it is possible to 
provide a cathode gas humidifying means in the cathode 
gas flow channel. Further, as part of the cooling 
water is used as humidifying water, the generated heat 
can be used effectively without depriving excessive 
heat from the cell assembly. 

When the humidifier is placed between two unit 
cells, the humidifier must be conductive to transfer 
electrons. Accordingly, parts that hold the water 
retaining layer and the water permeable membrane must 
also be conductive. The fuel cell assembly of this 
embodiment is named SI . 
(Embodiment 2) 

The water retaining layer 203 of this embodiment 
uses a non-woven cloth made of hydrophilic 
polyethylene and hydrophilic polypropylene prepared by 
substituting part or all of hydrogen atoms of 
polyethylene and polypropylene by fluorine atoms and 
sulphonating them. The sulfonic group must be of the 
proton type. The water retaining layer 203 is bonded 
to the water permeable membrane 201 with a small 
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amount of monomer that is an electrolyte of the water 
permeable membrane 201 of Embodiment 1 therebetween as 
the adhesive. The other components of this embodiment 
such as unit cell separator 104 r MEA 120, and gas 
5 diffusion layer are the same as those of Embodiment 1. 
The PEFC of Embodiment 2 is prepared in the similar 
manner as Embodiment 1 as shown in Fig. 1. The fuel 
cell assembly of this embodiment is named S2 . 
( Embodiment 3 ) 

10 Referring to Fig. 5, the humidifying water inlet 

202 at which the cooling water from the cooling water 
flow channel 204 touches the water retaining layer is 
replaced by a porous carbon filter 501 that has an 
average micro-pore diameter of 50 microns and porosity 

15 of 0.55. The cooling water is supplied to the water 

retaining layer through this porous carbon filter 501. 
This can omit the water permeable membrane 201 of 
Embodiment 1 as the porous carbon filter 501 can 
control the flow rate of part of the cooling water 

20 from the cooling water flow channel to the water 

retaining layer 203. In other words, this embodiment 
can control the water content of the water retaining 
layer by the porous carbon filter 501 and let the 
water retaining layer directly humidify the gas even 

25 when the water permeable membrane 201 is not provided. 
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We inventors tested the humidifying performance of 
this embodiment using porous carbon filters of average 
micro-pore diameters of 50, 75, 100, 150, and 200 
microns and found that these porous carbon filters can 
5 humidify fuel gases similarly. 

The cell stack of this embodiment is prepared by 
using a porous carbon filter of 100 microns in average 
micro-pore diameter for the humidifier and the other 
components which are the same as those of Embodiment 1. 
10 The fuel cell assembly of this embodiment is named S3. 
(Comparative example) 
This embodiment uses a humidifier comprising a 
water permeable membrane 201 only (excluding the water 
retaining layer 203 of Fig. 2). The water permeable 
15 membrane is the same as that 201 of Embodiment 1. The 
humidifying water inlet 202 has ten 0.5 mm-diameter 
holes to supply part of the cooling water to the 
humidifier 108. The other configuration of this 
example except the humidifier 108 is the same as that 
20 of Embodiment 1. The fuel cell assembly of this 
example is named Rl. 

Another example R2 is prepared having the same 
configuration as the Example Rl except that the water 
permeable membrane 201 uses a polytetraf luoroethylene 
25 membrane of 0.05 micrometer in average micro-pore 
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diameter. 

( Embodiment 4 ) 
We inventors tested the fuel cell assemblies SI , 
S2, and S3 of Embodiments 1, 2, and 3 and the fuel 
5 cell assembly Rl of Comparative example Rl under 
conditions of: 

supplying a mixture of 70% -by volume of hydrogen 
gas and 30% -by volume of carbon dioxide gas to the 
anode through the humidifier 108 to humidify thereof, 
10 supplying air as the cathode gas to the unit cells 

101 directly without humidifying thereof, and 

keeping the unit cell temperature at 70°C and the 
inlet temperature of the cooling water at 60°C to 
initially supply hot water of 60°C to the humidifier 
15 108, assuming that the outside air temperature is 25°C. 

The conditions also contain that 70% of hydrogen 
and 40% of oxygen are used for power generation, that 
respective currents are fixed, and that the gases are 
supplied at normal pressures. 
20 First, we supplied dry gases (having a dew point 

of -20°C) required to generate electricity of 0.5 
mA/cm 2 to the cell assemblies without a load and 
measured the humidif ication rates of gases that passed 
the cell assemblies by a mirror-type dew-point 
25 hygrometer. The anode gases humidified by the 




humidifiers of the cell assemblies SI, S2, and S3 
without a load could have a dew point of 60 to 65°C, 
which is approximately equal to the cell temperature 
during power generation. Contrarily, the cell assembly 
5 Rl of Comparative Example 1 could assure the dew point 
of 60 to 6 5°C but increased the pressure loss of the 
anode gas from 50 to 190 mmH 2 0. It is known that this 
pressure loss is caused by a blockage of the anode gas 
flow channel due to the swelling of the membrane. The 
10 cell assembly R2 of Comparative Example 2 clears this 
pressure loss problem but the dew point of the 
humidified anode gas is very low (25°C), which means 
insufficient humidif ication rate. 
( Embodiment 5 ) 

15 In succession to Embodiment 4, we carried out a 

continuous power generation test on each of cell 
assemblies Si, S 2 , and S 3 of Embodiments 1, 2, and 3 
under the power generation test conditions of 
Embodiment 5. The current density in this running test 

20 is 0.5 mA/cm 2 . 

The voltage drops of the cell assemblies Si, S 2 , 

and S3 were very small in continuous power generation. 

« 

The mean voltage drops of cell assemblies S lt S 2/ and 
S3 are respectively 9, 12, and 13 mV (in that order) 
25 after power generation of 1000 hours. 
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On the contrary, the cell assembly R L of 
Comparative Example 1 increased the pressure loss of 
the anode gas from 50 to 190 mmH 2 0 and the mean voltage 
drop to 120 mV after power generation of 1000 hours. 
5 Further, the mean voltage drop of the cell assembly R2 
of Comparative Example 2 was very great (450 mV) after 
power generation of 1000 hours as the gas 
humidif ication was insufficient. 
( Embodiment 6 ) 

10 We kept the cell assemblies S 1# S 2 , and S 3 in a 

temperature-controlled room whose temperature could be 
kept at -5°C and 25°C and carried out a continuous 
power generation test on them. The test conditions 
were: continuous power generation at a room 

15 temperature of 25°C for 14 hours, current density of 
0.2 mA/cm 2 , hydrogen use ratio of 70%, and oxygen use 
ratio of 40%. After this test cycle is completed, we 
cooled the test room including the cell assemblies 
from 25°C to -10°C in 2 hours with each cell assembly 

20 filled with the anode gas and the cathode gas and 

without any gas flow. In this case, each cell assembly 

has no loaded and stops power generation. After the 

« 

room temperature reaches -5°C, we kept the test room at 
-5°C for 6 hours, increased the room temperature again 
25 to 25°C in 2 hours, and started the second test cycle. 
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We repeated this test cycle (comprising the steps of 
power generation, cooling, leaving still, and warming) 
once a day for 30 days. 

After this temperature cycle test was completed, 
5 we carried out a power generation test on the cell 

assemblies under the conditions of Embodiment 5. As 
the result of this temperature cycle test, we know 
that the cell assemblies of Embodiments 1, 2, and 3 
have their performances reduced little and the voltage 

10 drops are only 20 to 30 mV after the temperature cycle 
test. Contrarily, the cell assemblies of Comparative 
Examples 1 and 2 have great voltage drops (250 to 310 
mV) . When disassembling the tested cell assemblies, we 
detected some breaks on the membrane of the humidifier. 

15 We assumed that these membrane breaks were caused by 
freezing of excessive water in the humidifier. 
Additionally, we detected no break in humidifier 
membranes of cell assemblies SI, S2, and S3 after 
disassembling . 

2 0 ( Embodiment 7 ) 

When the water retaining layer 203 having a mean 
micro-pore diameter in Embodiment 1 is hydrophilic, 
the water retaining layer can solely humidify the 
anode gas even without the water permeable membrane 

25 201. In other words, it is possible to humidify the 



anode gas by causing the water retaining layer 203 to 
hold part of water supplied to the cell or water that 
is supplied directly from the outside and causing the 
wet water retaining layer 203 to directly touch the 
anode gas . 

This has the following merits: simplified 
humidifying mechanism without the water permeable 
membrane 201, Increase of humidif ication rate due to 
provision of no water permeable membrane 201, and 
arbitrary shape and disposition off the water 
retaining layer 203. Preferred materials available to 
the water retaining layer 203 can be hydrophilic 
porous materials prepared by making 

polytetraf luoroethylene, polystyrene or copolymer of 
styrene and butadiene hydrophilic. The humidif ication 
rate can be controlled by changing the contact area 
between the water retaining layer 203 and the anode 
gas . 

The cell assembly S7 of Embodiment 7 is prepared 
in the same configuration as that of Embodiment 1 
except that the water permeable membrane 201 is not 
provided. We tested this cell assembly S7 under 

a 

conditions of supplying a mixture of 70% -by volume of 
hydrogen gas and 30% -by volume of carbon dioxide gas 
to the anode through the humidifier of this invention 
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to humidify thereof, supplying air as the cathode gas 
to the unit cells 101 directly without humidifying 
thereof, and keeping the unit cell temperature at 70°C 
and the inlet temperature of the cooling water at 60°C 
5 to initially supply hot water of 60°C to the humidifier 
108 of Fig. 1, assuming that the outside air 
temperature is 25°C. 

The conditions also contain that 70% of hydrogen 
and 40% of oxygen are used for power generation, that 

10 respective currents are fixed, and that the gases are 
supplied at normal pressures. 

First, we supplied dry gases (having a dew point 
of -20°C) required to generate electricity of 0.5 
mA/cm 2 to the cell assemblies without a load and 

15 measured the humidif ication rates of gases that passed 
the cell assemblies by a mirror- type dew-point 
hygrometer. The anode gases humidified by the 
humidifiers of the cell assemblies Si, S 2 , and S 3 
without a load could have a dew point of 65 to 67°C, 

20 which is approximately equal to the cell temperature 
during power generation. When compared by the cell 
assembly Si of Embodiment 1, the cell assembly S7 can 
humidify the anode gas directly by the water retaining 
layer as the water permeable membrane is not provided 

25 and consequently increase the humidif ication rate of 
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the anode gas. In other words, the water retaining 
layer of the cell assembly S 7 can be smaller when the 
humidif ication rate is fixed. Consequently, this is 
effective in making the fuel cell assembly compact. 
( Embodiment 8 ) 

When the humidifier employs the water permeable 
membrane 201, the anode gas leaks towards the water 
while diffusing in the water permeable membrane 201 
and prevents the humidifying water from transferring 
into the water permeable membrane. To solve this 
problem, a method is provided to eliminate the anode 
gas that diffuses in the water permeable membrane 201. 

This method utilizes a fact that the micro -pore 
diameter of the porous material of the water retaining 
layer 203 is much greater than that of the water 
permeable membrane 201. In other words, as it is very 
easy to disperse metal catalyst or metal oxide 
catalyst in micro -pores of the water retaining layer 
203, a catalyst having a function of oxidizing 
hydrogen three-dimensionally is dispersed in the water 
retaining layer 203. This structure has the merits 
below. For example, the water permeable membrane 201 
becomes wet and dry repeatedly by the anode gas as the 
PEFC starts and stops. So, when provided on the 
surface of the water permeable membrane 201, the 
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catalyst layer will break or separate from the water 
permeable membrane by shrinking and swelling of the 
water permeable membrane 201 and gradually loses the 
function of oxidizing hydrogen, Contrarily, when the 
cell assembly uses the water retaining layer 203 
having catalyst dispersed in it, the catalyst will be 
rarely deteriorated because the water retaining layer 
203 itself is not in direct contact with the gas and 
rarely affected by the water content as the PEFC 
starts and stops. Further, the catalyst can be easily 
dispersed in the porous material that constitutes the 
water retaining layer 203 at a low cost as the porous 
material has a great micro -pore diameter. Furthermore, 
the catalyst dispersed in the water retaining layer 
can oxidize hydrogen dissolved in water more quickly 
and efficiently than the catalyst layer attached to 
the surface of the water permeable membrane 201. 

Fine platinum particles, carbon particles on which 
platinum particles are dispersed, and titanium oxide 
are available as the catalyst. Any catalyst is 
available as long as it has a function to oxidize 
hydrogen. There are various methods of dispersing 
these catalyst in the water retaining layer 203: a 
method of directly impregnate the water retaining 
layer 203 with catalyst particles and a method of 
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depositing metal particles in the water retaining 
layer by a sol-gel reaction such as the alcoxide 
method or by adding a reducing agent such as 
formaldehyde, hydrazine, or hydrogen peroxide. 
5 Referring to Fig, 2, we prepared a catalyst- 

dispersed water retaining layer by dipping the water 
retaining layer in a catalyst -suspended alcohol liquid 
which suspends platinum-plated graphite particles 
(mean grain size of 0.1 micrometer) in alcohol such as 
10 ethanol, vacuum-dried thereof, and secured it by the 

water retaining layer holder. We prepared a fuel cell 
assembly S 8 using this water retaining layer and the 
water permeable membrane in the manner similar to 
Embodiment 1 . 

15 We tested the humidif ication of the anode gas of 

the cell assembly S 8 under the conditions similar to 
those of Embodiment 1 and found that the humidified 
gas had a dew point of 65 to 67°C. Therefore it is 
apparent that the water retaining layer of this 

20 embodiment has no influence on humidif ication of the 

anode gas. Further, the water retaining layer of this 
embodiment can facilitate provision of a mechanism to 
oxidize hydrogen that passes through the water 
permeable membrane and remove it as water by a simple 

25 method. After the power generation test, we measured 



the quantity of hydrogen left in the cell assembly by 
substituting hydrogen gas in the cell assembly by 
nitrogen gas using the anode gas port 110 and the 
cathode gas port 112 of the cell assembly (Fig. 1), 
closing one of the cooling water ports, sucking the 
gas from the other cooling water port, and measuring 
the quantity of hydrogen gas in the sucked gas by a 
gas chromatography or the like. We found that there 
was no remaining hydrogen gas in the sucked gas. This 
means that the water retaining layer of this 
embodiment can completely oxidize hydrogen that passes 
trough the water permeable membrane. 
(Embodiment 9) 

FIG. . . 6 shows a schematic diagram of a power 
generation system having a PEFC of this invention. 

The natural gas (containing hydrogen) 601 to be 
supplied to the anode is obtained by reforming the 
natural gas (sent from the pump 608) with steam by the 
reformer 603 and contains hydrogen gas of 30 to 80% by 
volume. The reformer 603 contains a catalyst having a 
function that selectively oxidizes a small amount of 
carbon monoxide (CO) to prevent a voltage drop of the 
fuel cell assembly 612. If the raw gas (natural gas) 
contains any harmful impurity (such as sulfur and the 
like) that deteriorates the function of the catalyst 
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in the reformer 603, v an impurity remover 613 must be 
provided in the upstream side of the reformer 603. The 
hydrogen gas that is left unreacted in the anode gas 
is returned to the reformed through the anode gas 
exhaust pipe 614. 

Air 602 as a cathode gas is supplied to the fuel 
cell assembly 612 by the pump 609. The reacted cathode 
gas is exhausted from the fuel cell assembly 612 
through the cathode gas exhaust pipe 616. 

Distilled water 606 as the humidifying water is 
supplied to the fuel cell assembly 612 by the pump. 
This embodiment uses an identical pipe to supply the 
humidifying water and the cooling water. In the cell 
assembly 605 comprising separators, membranes, and 
electrodes, the humidifying water is sent to the 
humidifying section 604 (equivalent to 108 of FIG. . . 
1 ) and the cooling water is sent to the cooling water 
separator 107 of Fig. 2. The cooling water deprives 
the cell assembly of the reaction heat, becomes hot, 
and transfers the heat to the water in the hot water 
tank 607 by the heat exchange 611. The circulation 
pump 610 circulates water forcibly. 

Besides the water supplying method of this 
embodiment, it is possible to supply the humidifying 
water by another pump to supply it independently of 
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the cooling water. 

The fuel cell assembly of this system generates a 
direct current power. It is also possible to provide 
an inverter circuit to turn direct current to 
alternate current for home use. Further, this fuel 
cell assembly can be used for the other applications, 
for example, as a power supply for electric 
automobiles. In this application, the reformer 603 can 
be substituted by a hydrogen container, a hydrogen 
storing apparatus, or the like. The hot water tank 607 
can be omitted and the heat exchange 611 for 
exchanging heat with the water in the hot water tank 
607 can be replaced by an air-cooler for simple and 
easy heat exchange. 

The fuel cell assembly of this invention can 
humidify the fuel gas , keeping a low pressure loss of 
the fuel gas . 
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WHAT IS CLAIMED IS 

1. A fuel cell assembly including at least one 
unit fuel cell comprising a separator having flow 
channels for oxidizing gas, a cathode to which the 

5 oxidizing gas is fed, a membrane electrolyte of proton 
conductivity, an anode to which fuel gas is fed, and a 
separator having flow channels for the fuel gas, the 
above members being arranged in order, wherein said 
fuel cell assembly further comprises a humidifier 

10 having a porous member to humidify at least the 

oxidizing gas to be fed to said anode; the porous 
member of said humidifier is so disposed as to face at 
least the flow channels for said oxidizing gas so that 
water is supplied to said flow channels from part of 

15 the surface of the porous member opposite to the water 
supplying face and/or from the outer periphery of said 
porous member . 

2. The fuel cell assembly of claim 1, wherein said 
porous member is made of a hydrophilic polymer 

20 material, a carbonaceous porous material, or a 
composite material thereof - 

3- The fuel cell assembly of claim 1, wherein the 
thickness of a humidifying water inlet of said 
humidifier is 1/2 to 3/4 of the thickness of said 

25 porous material. 
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4 . The fuel cell assembly of claim 1 , wherein a 
water permeable membrane having a function to transmit 
water is formed on said porous material. 

5. The fuel cell assembly of claim 4, wherein said 
water permeable membrane is 0.01 to 0.1 micrometer on 
a mean micro-pore diameter and 10 to 100 micrometers 
thick. 

6. The fuel cell assembly of claim 4, wherein said 
water permeable membrane has a porosity of 50 to 90%. 

7. The fuel cell assembly of claim 4, wherein said 
water permeable membrane is one or more membranes that 
are treated to be hydrophilic and are selected from 
the group of polytetraf luoroethylene , polystyrene, and 
copolymers of styrene and butadiene. 

8. The fuel cell assembly of claim 1, wherein said 
humidifier has a carbonaceous porous filter. 

9. The fuel cell assembly of claim 1, wherein said 
porous member has a hydrogen -oxidizing catalyst 
dispersed therein. 

10. The fuel cell assembly of claim 1, wherein 
said humidifier is provided for each or a group of 
said unit fuel cells. 

11. A power generation system comprising an 
apparatus which produces or stores a hydrogen 
containing gas and a fuel cell assembly connected to 
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said apparatus with a piping through which said fuel 
gas flows, wherein said fuel cell assembly of claim 1 
generates electricity using said fuel gas from said 
apparatus . 

5 12. A fuel cell assembly including at least one 

unit fuel cell comprising a cathode, an anode, and an 
membrane electrolyte placed therebetween, wherein said 
humidifier which humidifies the oxidizing gas is 
equipped with a water-retaining layer. 
10 13. The fuel cell assembly of claim 12, wherein 

said water-retaining layer has a hydrophilic porous 
member . 

14. The fuel cell assembly of claim 12, wherein 
said water-retaining layer is 10 to 300 micrometers on 

15 a mean micro-pore diameter. 

15. The fuel cell assembly of claim 12, wherein 
said water-retaining layer is a polypropylene non- 
woven cloth or a polyethylene -polypropylene non-woven 
cloth that is made hydrophilic. 

20 16. The fuel cell assembly of claim 12, wherein 

said water-retaining layer has a porous member which 
is provided opposite to said unit fuel cell and has a 
water supplying surface; and water is supplied from 
part of a surface opposite to the water supplying 

25 surface of the porous member and/or from the outer 
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edge of said porous member . 

17. A fuel cell assembly including at least one 
unit fuel cell comprising a cathode, an anode, and a 
membrane electrolyte placed therebetween, wherein said 
5 fuel cell assembly further comprises a humidifier to 
humidify a fuel gas which is fed to said anode and 
said cathode; said humidifier has a water-retaining 
layer which is provided to the flow channels of said 
fuel gas and has one surface to supply water to said 
10 flow channels; and water is supplied from part of a 

surface opposite to the water supplying surface and/or 
from the outer edge of said water-retaining member. 
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ABSTRACT OF THE DISCLOSURE 

The fuel cell assembly disclosed includes at least 
one unit fuel cell comprising a separator having flow 
channels for oxidizing gas, a cathode to which the 
oxidizing gas is fed, a membrane electrolyte of proton 
conductivity, an anode to which fuel gas is fed, and a 
separator having flow channels for the fuel gas, the 
above members being arranged in order. The fuel cell 
assembly further comprises a humidifier having a 
porous member to humidify at least the oxidizing gas 
to be fed to the anode. The porous member of the 
humidifier is so disposed as to face at least the flow 
channels for the oxidizing gas so that water is 
supplied to the flow channels from part of the surface 
of the porous member opposite to the water supplying 
face and/or from the outer periphery of the porous 
member . 
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tut. mmnn-c&Zo Mz.it, 4 7ytt^uyzm*mzt-rz>&fr^mfc 

&iti& 7 2 ~5l®flJK<7)T;i/^;i/ii (-cf 2 c f 2 -, 

-CF 2 CF 2 (CF3)-^a £^M-T, T )HM.<DM1ffi^X fr* 
(-SO3H) SrWtSS^IR^ab-So 
[0 0 17] 

mi03atKil03bli, 6^, &&v*f±6#£;l/x-^ A^^Itc 
[0 0 18] 

SSI 0 3 a "Z\**m<7>mtELfc (5£l) , ^110 3 b-C{±K^O«7cSS 
(5*2) ^B^f-t^o *fOi«t:riIl 0 3 a-C&Dfc*^ 
PEM1 0 2 tc^tit£*t, rai$K&i:fc*^ttft^W*JMU &«103b 

[0 0 19] 

H 2 - 2 H + +2 e- (gfcl) 
2HHl/2 02+ 2 e- - H 2 0 (^2) 

«S£JCJ:-6PEFCOKEERTS:Wl«I-r*^i6, «^<h P EMt < -f£ (Jfe 
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•> 

[0 0 2 0] 

PEFC 1 0 0(D9m^txW.Ltzl%m7km^>7°6 15 (EI 6) /^<b^£P7.kffi 
-b/^lx-^ l 0 7 ^(tSPTfc^^-r^o ft> i^iP7Ri:if)PEFCl 0 0T 

[0 0 2 1 ] 

Df^o ClOWTX^fi, ^<7)<%£P7jcffi* 0 >-7°6 15 (0 6) <fc «9, 2«1 0 9 
co^ipTjcKWffl^^^ * l l l ^^tt^^tL^^-iPTK^— $B^fflv>Tv^ 0 
[0 0 2 2] 

iiio3 a \,zm£i-&mmtfxi±mm?fx%mm^^? ? 1 1 o^m£#&i- 
tzvhtL&o t/z, mmi o 3 b K&m-r&mmirxii, mmv^mmm^*? 

? 1 1 2 7j^Mt^o 

[0 0 2 3] 

^^m^j^T-^m^ (jjjlt, *m«i:#-r^>) 113, 114 £i£it& 0 *s 

f 1 1 3, 114 <hMU 0 9 h<7)p B 1MMl 1 5 £J$A£-£\ W^WM^ 
EI£ 0 jjL-fe;n 0.1, i$iP>fcffi 1 0 7,}JD}I££Sl 0 8,*m«l 1 3 
, 1 1 4 4^4. fti-eWCl^, tf/H* 116, JELtffc 1 17, 
1 1 8^&£|^ttTOn n qtCJ; !9ig^1-^ 0 
[0 0 2 4] 

H2t±, in i ^ii^n o 8«ia*ifc*:L, mmmw;v>mmm7&*wbfr 

[0 0 2 5] 
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timmW 1 0 8 (i> 7K*M-r^^^#07K^jili2 0 l , ^tKS 2 O 3 <h 
Ufcm 2 0 3 ^@^i-^>^7K®^^^2 0 6 ^fLtv^o 
[0 0 2 6] 

[0 0 2 7] 

J£-fc;u 1 0 1 -C#§fe-r^Si^[liR-r^^iP7X(i, P E F C 1 0 0 ^»CKi 
L/c^£P7Xffl^>^6 15 (HI 6) lU 1 <7><£iP7kB^ffi n * * * l l 1 

if h mm^uftii^mjim- <£ o this ^ ttr 0 mst^-si^ pefc 
i o o <D\>mm~, mmx'xm&km 203 ^tk^&m 2 0 7£#£yrL*L& ^ t 
tzx*)^ &7km2 0 3 tz&wzKfzTkittmtizm^rmmir'xitzmszth, m 

MtT^ZM&I'&o M^fifzmUif^H, WiUft^ : if\3&2 0 5 ^Itt, 
^HOI^IU PEM10 2^1fi$^ PEM10 2^<D*i^t>W# 

[0 0 2 8] 

tfc, PEFC 1 0 0<7)#jhBf Kfi, ISr^^MJUiteitU 7jctt^M207 

C0^H^l7J^OvrLtL(i^tf|Pf tCit^^ < lot, ^7K/i2 0 3Cf 

pefc (D^mmzcD^m-n^ * mm-r & - 1 a*-c § £ Q 

[0 0 2 9] 

^*P7K^«7K/i 2 0 3 07jcft#&®0^ffl(7)S(7)-M^/X{i^7K 
lO^IS^ £ d K J: *) % ^Tjcg 2 0 3 K^tBI-dfcfc 

[0 0 3 0] 

ddT% «7MiO*tt«&lBt*±, 2 0 7 £tfU *#*&MOR*iH»OiBfcM: 
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2 0 8 £Jg1- 0 «7K«0^lt^:(i2 0 9i:^W^^v\ 7K^I&®207 

«!: 7K«ffi<^*MPiJ^M 2 0 8 J^^MfckSo® £ ^ o 0 
[0 0 3 1 ] 

o-tp^ L^^t p e f c^h^Lfzm^mm^om^^mm-r ^ 

[0 0 3 2] 

^7jc® 2 0 3 ^fflv^^^ m7KttO^<7)^< , 7kZ-tfrtZi%WX^ 2>tt 
ntf&^o #!lxJ*\ ffckttoffi^^m, l£«m#?LSC*tfk S^tLP)^ 

[0 0 3 3] 

sct^iu^o tiH<7M ja-vKflHfeSftfcfco, Mx.(^t;vtj (l i, 

Na, , 7)VfjV±m&m (Ca^a jrym&MXh&t^ ZtL 

btf^ m&*-f& Z.tK£*), fcfflLfzJ* ytfmUJf* ttt>l,Z^ P EM 1 0 2 

X$rf£ - £ K J: «9 , PEM102 O^OJiSP^^ <9 . ^mmU^it^^ 

[0 0 3 4] 

™2 0 3 Cfflv^#?LIW«f (R) t±. TsS.fc'K Jfr£J7M5#> 
7'6 1 5 (EI 6) frhm&Ztlh1%mA<Dl±.1l, & htztb<D 

<n>mmwh ( 7 ) ^> tmt-tai t**-e#* 0 

[0 0 3 5] 

R = 7 cos 0 / A P 
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f±, <t±PzKffl*°>X6 15 (06) Oift^^fil^-fr^^tt^flL, zK 
JEEfi 1 - 1 0 k P a OfEHKfca L < . tKE^ 1 k P a <Dm^<Dmil 

1 3 0 jum (i"**>*>, iHB?Lifi[St±2 6 0,um) > tKJE^ 1 OkPaOi 
iO»L^Slil3/^m («Lii:St± 2 6 ^ m) tM^^tLl, 0 
[0 0 3 61 

o-C, ¥^?LES^1 0-3 0 O^mOlEll^ilt^iL^o fcrtfU 
-oM^<^{2ft*»Lg^&oT, L < (±^±PtK<otKEE <fc ») &i§5v>i±^ 
i s €ifrai:i4t^:^ s iv^ 0 -r%t>*>, #ffl7L@R«r^±P7KEE*APOM 
tfcR (X) tit, R^R (X) ^It t C> 3 0~2 0 0//m«C 

fc, ^^tK^DM^S 1 08CA^:< <> ^oMIS&^OMSK 

[0 0 3 7] 

HjkkS 2 0 3 <7>l¥£fi, 5 3 0 0 fc£ 
U MzMi AP2 .0 2 <7>J¥£fiifc7kJl<7) 1 / 2 ~~ 3 / 4 flJt KffiiBH-* 

[0 0 3 8] 

MtK#AP2 0 2 0J±SS(i N MBS ft* #X -r&fr^MiK 
[0 0 3 9] 

{£zfc/S 2 0 3 t±, ?M80/im, *ffl?US#3 0 ^ m, §izKt£ 
iIC7 7X-7|LIi:J:ot^iI (=0, -OHf) ^IAU:^-e*S 0 
[0 0 4 0] 
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[0 0 4 1] 
[0 0 4 2] 

mx~$>2>m&&$>z>tz#>, ^iiMi^v^it mv>^&*WiZ>i§itei>*>z>o -t 

o 

[0 0 4 3] 

I2 0 7O^Mf 3 0 8 (H 3 y ^-aJ^) ^ov>T^SM«?JS$iSi¥ 
U ?IIl*|Oi?LS^If frW-Sf-T & £ <h {c <£ o T\ «H?L#^¥*^ffi * 

2 o 3 j: oipa$tL*aj^-cab -6^****0 

[0 0 4 4] 

, Ts^-vy ^)u^>mm^mm^mx$>^ 0 mm* pemi o 2 Km** % fix 
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£ 2 -5flaej9so T)v*)vm (-cfi:cf 2 - -cf 2 cf 2 (cf 3 )-^^) 

^tt, T;u^;Hlo^tc^;b^>^*(- s 0 3 H) ^SS^M^ 
[0 0 4 5] 

-e, i o o°cm±<7)ii!*^#oM^ai L^ 0 

[0 0 4 6] 

(-cf 2 cf 2 -) «cx)i/*>i(-so 3 H) 

[0 0 4 7] 

izx •) , 2ra?I»£* # < t? § at&HT-abo 7jt<h £5Mft-c # £ i £ W 

IfiSo J£<£>J?£fil 0-1 0 0 ^ m<7)$BHtc^>^- <h W^-e^) 

19, 2iL<i±2 0 - 5 0 IBSOjgSOTEHi'S: 1 0 ^ m <h LfcSfi 

t LfcS&ll, -etLi <-T* ii7K^#KlSg^t<7>ii^:^J:^^Ii^^ 

[0 0 4 8] 

*^»J(07|clM2 0 1 tf>I&JP(iJ¥$ 3 0 ^mfc Lfzo 
[0 0 4 9] 

i fc, TKitiiM 2 0 1 li> U7km 2 0 3 07M£I£M 2 0 7 K&jR Z^tzzttf 

-MtLXli, 7kmmWk2 0 1 ^^M^7KMflI2 0 lOHfl-fc^S^v-*: 
MiSinL, Ifcjdi 2 0 3 fc^SSN **v>l±, 4 *>2mffiffiK£oXmmz-£ 
hH&tflb&o Z.<Dm%Mlt. «tK« 2 0 3^<b7KSaiR2 0 I^OtKO^KiS- 
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[0 0 5 0] 

7K^ti#M2 0 1 {±«tK® 2 0 3 fcTKjtaillfcOHIHW^ilO 
€y7-$r^ittL, 1£tKS 2 0 3 tWM^^tZo 
[0 0 5 1 ] 

7Kiiiam2 o WNtttm&zwLWbztKzt), m-mLtzmtm 

ffimWl 0 8^#Sr/>$ < - PEFCIO O^ffcO-iM X£fg 

o 

[0 0 5 2] 
[0 0 5 3] 

^Hi&^Jt?f±, 7kStitl8l2 0 1 (D^HmMi 0. 0 3 fjL m , 0 . 7 , 

J$*P7fci&Jg£ 7 0°C^ Lfc*§£\ »S^<^)JDiS*S: 6 5 V(DmuM5V±tz?j: & 

[0 0 5 4] 

&7fc«2 0 3S.U f 7K^iiM2 0 1 i±, M^M^^KJf *^2 0 6tiSL/: 
[0 0 5 5] 

PEFClOOli, HBtfc, M^^M^tt^-t^>-^^iOlnlt: 

itfcW-ifflt4:H^v> e £*ui#u\ jaist i o 8^7Ka«ii2oi 
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c 

2 o i i<zmzzti&mm7kj)m?)<DB^£'oX7k.m&m2 o 1 <vtjj^&W)L 

, 0 10TW»TLiv\ 7ftS^§l2 0 1 ^F^1-^,^a^ 

, mmmwi 0 8 cot^&^t i^M^'^acom^, ^j^mimco^ 

o 

[0 0 5 6] 
[0 0 5 7] 

EI3(i, 111 2 co^zK/i*;v^2 0 6 *fcfrbM>fzM'C$>2> 0 fln*S7M*AP202 
2 0 3 \zim\<Di^i)mXLK < < f 4>tiC)^ia:»t^:#&7K*OWa6«l5^-e 

[0 0 5 8] 

*IiM-eii, ifeKS 2 0 3 C0j?£fi 1 8 0 fx nu 2rail7M*AP 2 0 2 coJ?£ 
{£100 fi mt-fho &mmii%&m 2 0 3^0.9 WtL> «7k2iAP202 
(20.8 <h-r^)o 
[0 0 5 9] 

«7K®*^^2 0 6 Ht±, R&M^«£K3 0 2, 3 0 7, Ht^If&3 0 4 
,3 0 5, J£*P7fa5fLl&3.0 3, 3 0 6, sK^ h Mii^L 3 0 1 tfmtX&Zx, 
[0 0 6 0] 

U4 (i. PEFC100 Kl^/B Lfw^.-b;w 1 0 1 coig.-fc;WB-fe^U- ? 1 0 4 

o»«^**«E*L*if (mr> Wilt) £7Fi-£co-e£>& 0 ti» 

I^IK3 0 2 i «9SA$*U */*U-?W£:mzlfA$:fr&-t2>tztr><D1fX 
ffifftSM 0 1 #*#BEffi'; -f 4 0 3-Cti:®btitz1fAffi.&t4 0 2 fcjfcfl 
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hT?»##lt£fc#0?L"C*&o *&K*£i$*P;tcg£!&3 0 3,3 0 6 {i<t±P7K 

*a£a$-*-5fc*o?Lt?*&o aisBi-**^— *-^K3 04, 30514, 

[0 0 6 1 ] 

i4t:^t4-b;vffl-t^l/-^10 4(i, -e^M^ffitf^itfL*® (J* 

t, B?*®fci&vt) ^mmM<D : M.mtmA(D^~^-)vv3 02^04 

, 3 0 5 i 3 0 7 **jJfrH*o^«r LT£> 0 , BPg^ti, 3 0 4 

3 o 5 izffl&zti&m&t ttzo zvmmMt, m^^-t^mt^u-^omm 
n<om^ m 1 ^^-rsse^T, me a i 2 0, ir*m&M 1 0 6 z&wz-tz 

ZtiZX*), 01Of-feJH 0 1 £«)&-t£o 
[0 0 6 2] 

m^s 1 0 8 (4, ^csjuai 201, i%7km 203, jp?i7KSAn 2 0 2 , -t 
^mmm^mmmw:^m.-r^uu2 10, ^y^vs-^u *saii2 0 1 * 

[0 0 6 3] 

jvmmfci 1 9<©»s^^#&$^&±a£flio5it3»tijnissiii 0 8£i£tt£ 
itti fflojnasMtwTiarS^ fcM-ci&o fw. Ktsfflop em 1 0 2 

w\z&\**x\± mm -n 7s m <r> mmmw. * mm. l t v> & v > #\ jp® w-t-#& k 

[0 0 6 4] 
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[0 0 6 5] 
10 0 6 6] 

(mmm 2 ) 

2 0 3 (Dtfm- 1 Lt, §LtM40*° U V > t *° 'J 1/ > t frh & 

7°n b «tks 2 0 3 f±, ■Z'vmm^mMM 1 07x^1112 0 1 

it^««?g<7)^/-7-$:/>liJDL, 7KSi§fll2 0 1 <b^*$-tfr& 0 -eoffeO 
^p°n. t%t>*>%.Jz)l>m j k'Sl'-? 10 4, ME A 12 0, tf^ifcffc* 1 0 6^ 

[0 0 6 7] 

(n mm 3 ) 

•e*&*nS7K#AP 2 0 2 £#?LSf^:St7 ^^5 0 1 £#x.& 0 #-?lS£J£3f*7 
^ 5 0 1 <£>*ffl?Ltf>¥*^*±> 5 0^ mt^ *) . ^RW± 0.55 <h1-& 0 
m&ttZV>& : fLft9t%7 4 5 0 1 ^LTfeMitcifA^tL&o £*ifcJ:!) 
, i$*P7kiO&2 0 4 ZffiM-rz?irW&<7>- : &*g>1LS0km7 4 5 0n:io 

2 0 1 ^IHn-H^i4o 7K^iiM2 0 < #?LK 

#Ufc7<f 5 0 1 KioTflfcTkSO-gTfcMfcSM&U «7f0i^«bil^ 

[0 0 6 8] 

^nM-em^tz&iLgjptm? 4 )\s*<om%m\m.w& 5 0 ^ m<7Xtu. 7 5 , 

1 0 0, 1 5 0, 2 0 0 ^ m0 4i«i:ov»tMU ^fcMIl"* 
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[0 0 6 9] 

mmmmut, mmm 1 t mi±m<v^&zm^x^ mm* zmft-tZo * 

[0 0 7 0] 

(Jt»!l) 

^JtWllfi. 0 2 J: !9^tK«2 0 3 *f >foii&Jgl2 0 1 (Dfrfrh&ZtoM 
ti^^c^t^Jo 7XMMti> ^»^iJ 1 -Cfflv^7t:7XMI12 0 1 t|s] 

D^>(7)^fflv^ 0 t)cH£*$£«7c*X MS7MHAP2 0 2<DU5r^mM0 . 5 
mm<7)?L£- 1 OMxSU ^PtK^^ WMIIgM 1 0 8 ^it|££ MI^IS 

1 0 8Mwii(i»Jl tmmtL, ;©J: 9 K»fELfc*ifefcR 1 tfa 

o 

[0 0 7 1] 

tfc, 7XM112 o 1 t Lr^mmino . 05^ 7^txfu>t 
ffl^Tt^******, -e<?)i«ijR 1 tract L7cmm^^i--5»o -a 

IR2 t1"£ 0 

[0 0 7 2] 

(m«o 4 ) 

1,2,3 omrfe SI, S 2 , S3, VlzitmPl 1 <7>«?&R 1 <0-t 

li^Ht^^Mt^o ioti, flnvium i o 8 Kifc 

PfSTj^iiMI-^-f^ J£-b;H 0 1 i:A-?> i^Ct^o J(H:;n 0 1 
Kfctt&zaKfi 7 0°Ct U ?^*P7KOAPSJg{i6 OTCtc^-r-So 
MI^M 10 8C {i30#3 6 0 r ^StM^IS £ £ o ^uSli 2 5 °C 1 1" £ 0 
[0 0 7 3] 

Tkm&xvmm^mmmi. ^^70%, 4o%tu ^ttwat- 
TEt-r&o 77^<z)i±^(i#i±t-r^>o 

[0 0 7 4] 
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, S2, s svfimgtwzm^&ztizx^x, m&6 o~6 sxuz-tzztm* 

TN±, B.£6 0~ 6 5 0 C^H^-e^^75 5 \ »ft^OEEIB**5 0mmH2O 

1 9 0mmH 2 ^^1"*o £*U±. RDftiPfl H «fc £ fi§ «#;*«£E&<&H£j& f ra*I-e 

2 5 °c i: j& < , mmmmp% $ < & * 0 

[0 0 7 5] 

mmm 5 ) 

Ilf!4^)tt:, IIM 1 , 2, 3t:«L/:li^. HM^J 5 <7)§km&Mk 
[0 0 7 6] 

mttks i , s 2, S3ii, stifti&mfcis^-cfcs mjEi&r^#^/h$ < , 
i o o ommBM^^m&i&rm^ mms 1 kx 9 mv, m^s 2 tcr 

1 2 m V, tiS 3 i:t 1 3mVt^o 
[0 0 7 7] 

— ittim 1 (DWfkR 1 Rlft^OJEtS^S 0mmH 2 O frb 1 9 0mm 

H2O bzmJcL fztztb, 1 0 0 0^^Mt^f^lStT$lt 120mVfc 

[0 0 7 8] 

mmm 6 ) 

mrtilS 1 , S 2, S3 Koht. Mfi^-5t;t 2 5°Ctc§£^pTit£&1!^MK 

x^m-tZo ftmrnnmrn, y^mmmrn, mmmmmi*. *tL*ti, 0.2mA 

/ax? , 7 0%, 4 0%fc"t*o ttlh&tttt, KM, lfcS:*r*£*il!lrtfc3fc*L 
. 55f*0«E»«:S6Bf LfcflOggfcT. S*U£2 5t^f)- 1 01CtC2«F|BjOI^M* 
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oj;?^ #§m, <^*p, j&s, wto^ie, lin^u 30 Brant 

[0 0 7 9] 

SJ£-»M * ;H*«diT^Ottfil^k26*/h$ <> 20-30mVL 
*»ftTL4K -tiC^L, Jttfcflll, 2©»^ *BE1B:T**2 5 0 -310 
mV^fft^K^o Jt^Jl, 20*&£*M*:Lfc*:£^ iDltiOli 

f:^t«^?ti^ 0 iiiC^L, ^flTOMI^M^ffl^mttJiS 1 , S2, 

[0 0 8 0] 

(mmm i ) 

jam 2 o i < x i> , 203 JiMa-eWrSar* £MiiJ-& - <h t± nr^-cab 

7km 2 0 3 -C-O^tK* 2 0 3 

[0 0 8 1] 

. tK^ibi2 o i &%^tzit>tom&mtimtt2>&. 203 mMmm 

> a*-c S & * & ir<7)f ij *^£> £ o i <d x 1 %i%7km 203 *mi& 

WiXZ&o 

[0 0 8 2] 
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o -r&fr^ mi <7)M«s 1 0 8 tcfi^mB 6 0 vz^tfrns-fZo ^sf± 

2 5t: <h 1-^)o 

[0 0 8 3] 

Zk3t& J: ^g£St<7^lJffi^(i, -£ti**ti 7 0%, 4 0 % U #*«SEtcit LT- 
[0 0 8 4] 

tt, **WomifeSl, S2, S3«IMv^ihCJ;o-C, 1*6 5 



[0 0 8 5] 

(»I8) 

fetw- & r§h * m^-r z urn * mm-r %> 0 

[0 0 8 6] 
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tt«£7kigiS|gS2 0 1 K&3» 2 0 1 ^MCiftAjKJf &Sfc»tfc* 
-g-fcti, PEFC 1 0 O^jgRj, flfjhtw#o-C, 7K^jSJH2 0 1 K J: 

-?xmm, &m<Dy-j fjisz^i^-r^o z<Dtz#>^ 7km&m 2 0 1 oms • jr 

»^-i9, pJgt^£D, ^#^tt«SW**7K3(l*^bLt3< < 

**P3«**^t*o £*tfc**U tt&*$Hfc$*fc«2K«2 0 3 fc, ft 

tR/I 2 0 3 £f£fi, fcj£gN$tt LX£> hi?, *ifeOjg|&, WitKX 2>7k.<Di$ 

7R/1 2 0 3 *^^*#?LK#«>ttlitf>«#fi, ^?L»#Oiffl?LS*^|!V^i6 

o 

[0 0 8 7] 

■tfzmm, mtr ? Tkmzmitz^zmmzmir&mmx&tiif 

[0 0 8 8] 

IH 2 0 . 1 fx m) o^MK, #>o # K«fc 0 fi^ftb^ 

mmmmzi%7km*^y<<ztmz-£tzo ztitm^x. rnmmitmu 
iz&mmmtm.fr'erfrittzM&mms 8 *mft-r& 0 

[0 0 8 9] 

£ t § > *mmm<ni%7}<.m *m^xi> mm \zm % i^twot 
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» '■" * 

air * &mit mim&x* zzmtzmtzzt &x § & 0 k 

[0 0 9 0] 

(MMM 9 ) 

o 

[0 0 9 1 ] 

~fcm.b LT(i> 3 0~8 0%t*So 3cS^6 0 3 ICfiti^CO^Mifl:? 

^^mwA m-^rn tf-sitix^kt^i*^ 3cts6 o 3 K^-r&Hfj 

[0 0 9 2] 

#;Ui££C 6 0 2 &fflv\ jK>^6 0 9 v>T'Bf«?ife612 

6 1 6 ^IDT, $Ymzffi\&Z*Lh 0 
[0 0 9 3] 

in?M<7)7K^^7K6 0 6 Ztfyylzx i)jgmmk6 l 2 tc^f£i-& 0 
#«ftf><bfc&8MHfc6 0 5 K^TflWiimaWB 6 0 4 (@ltiil08 fc^K) 
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